The world's challenge : Feeding 9 billion people by Guillou, Marion & Matheron, Gérard
The World’s Challenge
Marion Guillou • Gérard Matheron
The World’s Challenge
Feeding 9 Billion People
Translated by Sarah Hunt, Teri Jones-Villeneuve,  
Inge Laino and Christine Young
1  3
Éditions Quæ, R10, 78026 Versailles cedex, France
ISBN 978-94-017-8568-6    ISBN 978-94-017-8569-3 (eBook)
DOI 10.1007/978-94-017-8569-3
Springer  Heidelberg New York Dordrecht London
Library of Congress Control Number: 2014931847
© Éditions Quæ, 2014 
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part 
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, 
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or 
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed. Exempted from this legal reservation are brief excerpts 
in connection with reviews or scholarly analysis or material supplied specifically for the purpose of 
being entered and executed on a computer system, for exclusive use by the purchaser of the work. 
Duplication of this publication or parts thereof is permitted only under the provisions of the Copyright 
Law of the Publisher’s location, in its current version, and permission for use must always be obtained 
from Springer. Permissions for use may be obtained through RightsLink at the Copyright Clearance 
Center. Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of 
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for 
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with 
respect to the material contained herein.
Printed on acid-free paper
Springer is part of Springer Science+Business Media (www.springer.com)
Marion Guillou
Agreemium, Paris
France
Gérard Matheron
CIRAD
84750 Saint-Martin-de-Castillon
France
vIntroduction
How many civilisations have collapsed due to a lack of food security1, or, more 
precisely, to agricultural systems that fail to satisfy the needs of populations in a 
context of over-exploitation of natural resources or irreversible environmental dam-
age [1, 2]? The Sumerians, one of the earliest civilisations to practice agriculture 
some 4,000 years before Christ, used irrigation to develop a productive agricultural 
system and ensure a surplus of food, thereby giving birth to the world’s first cit-
ies. Based on a sophisticated social organisation, the irrigation system of Sumerian 
city-states had one flaw that is believed to have led to the disappearance of this 
“hydraulic civilisation”: irrigation water from dams built along the Euphrates was 
distributed by a system of gravity canals, allowing only a portion of the water to be 
used for irrigation while the remainder evaporated or seeped into the ground. Per-
colation caused water tables to rise and, when it eventually reached surface levels, 
to evaporate, leading to an increase in soil salinity, compromising soil fertility and 
resulting in a fatal decline in agricultural yields.
Likewise, the Maya civilisation of the lowlands of Central America is believed to 
have died out over the course of approximately two centuries, between 750 and 950 
AD2, due to overexploitation of the poor lateritic soils of the southern Yucatan, de-
forestation and erosion, which severely compromised the soil fertility and led to in-
adequate agricultural output to meet the nutritional needs of society. An ecological 
disaster triggered by irreversible environmental damage due to deforestation may 
also be at the root of the fall of the civilisation of Easter Island. Fierce competition 
between the tribes that inhabited this far-off Pacific island is believed to be linked 
to the proliferation of increasingly large statues, the transport of which from stone 
quarries to the coasts where they were erected required ever-greater quantities of 
wood. This systematic deforestation could have led to a severe shortage of wood for 
digging canoes and for birds—another source of nutrition—to build nests.
1 Numbers in brackets refer to bibliographic references presented by Chapter at the end of the 
book.
2 The so-called “Classical” period of the Maya civilisation began around 250 AD and ended ap-
proximately 900 AD.
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Many scholars, inspired by the ideas of Thomas Robert Malthus or the conclu-
sions of the Meadows Report, commissioned by the Club of Rome in 1973, plead 
for limiting growth, and sometimes even for a voluntary slow-down. In the same 
year, the film Soylent Green was released. Based on a science fiction novel pub-
lished in 1966, it was set in an apocalyptic, over-polluted world where both flora 
and fauna have vanished. Arable land becomes a rare commodity and there is such a 
shortage of resources to produce already scant “natural” food that man has to resort 
to synthetic food, including “soylent green”, produced by an eponymous multina-
tional. This food product is derived from human cadavers, within the framework 
of a policy of organised euthanasia of the elderly. In contrast, history is not lacking 
in examples of civilisations that managed resources successfully over long periods 
of time, reconciling collective and individual aspirations. The diversity of methods 
used is worthy of note. Some civilisations, such as the Roman and British Empires, 
developed or obtained necessary food resources by direct geographical expansion 
or colonisation. Others achieved food security through sound resource manage-
ment. Icelandic civilisations, which initially borrowed livestock farming systems 
from Norway and the British Isles, are a case in point. Aware of the irreversible risks 
of erosion provoked by over-grazing in high-altitudes, these civilisations took the 
wise step, in the fourteenth century, of adapting the size of sheep flocks according 
to the availability of pasture.
This example of coordinated management of a resource, in this case pasture, 
through organised institutions, is one of three solutions [3]—along with the na-
tionalisation of resources and, on the other extreme, privatisation—to what experts 
describe as “the tragedy of the commons”. This refers to the inevitable rivalry that 
springs from sharing a common resource, the conflict between private and commu-
nal interests, and ultimately the overexploitation of the resource. At the dawn of the 
twenty-first century, it is precisely this issue, on a global scale, that constitutes the 
demographic challenge of our planet. How are we to feed the estimated 9 billion in-
habitants of Earth by 2050 while preserving ecosystems? What steps must be taken 
to avoid the overexploitation of resources in the short term? And how are we to im-
plement one or several collective solutions among those planned or deemed feasible 
that are conducive to the sustainable management of Earth’s common resources?
This book explores the status of food security in the world today, but more par-
ticularly what is in store for tomorrow. The examples cited above illustrate the need 
for long-term solutions. Food security is a complex and demanding issue. Complex 
because it involves more than just producing enough food to feed the world. The 
1998 Nobel prize winner in Economic Sciences Amartya Sen wrote as early as 
1981: “Starvation is characteristic of some people not having enough to eat. It is 
not the characteristic of there being not enough to eat.” Beyond crises, wars and 
economic and social inequality—all of which take their toll on food availability, be 
it permanently or temporarily—available food must be healthy and conducive to a 
balanced diet. It is therefore not enough to speak solely of “sufficient available sup-
ply” or “accessible supply”, but of balanced nutritional habits that involve the en-
tire food supply chain, from production to distribution, taking consumers and their 
environments into account as well. The issue is also demanding because it requires 
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that food be produced without compromising the needs of future generations. In 
order for this to happen, an assessment must be made of fundamental agricultural 
practices and food systems, and those that make the most sense in terms of energy, 
respect for the environment and social justice promoted. Numerous examples have 
shown that the current food systems of rich countries provide a model that is neither 
sustainable nor reproducible on a wide scale.
“The economic model of the West cannot be applied to a population of 1.45 bil-
lion Chinese people (in 2030)” wrote Lester Brown [4]. Going forward, we must 
change the way we produce and consume food around the world, and limit waste. 
The joint ethics committee of INRA (French National Institute for Agricultural Re-
search) and CIRAD (French Agricultural Research Centre for International Devel-
opment) summed up the stakes of research efforts thus: “It is at once a quantitative 
and qualitative challenge: quantitative in that global food production must reflect 
geographic realities, and qualitative in that what is being produced must be nourish-
ing, healthy and affordable to the greatest possible number of people. We must find 
new ways not only of producing food, but of consuming food, and thereby build a 
society of moderation where waste is kept in check at every stage of the food supply 
chain” [5]. To be sure, this is easier said than done. We would do well to admit from 
the start that satisfying the nutritional needs of a global population of over 9 billion 
people by 2050 in a sustainable fashion is indeed possible, but only under certain 
conditions which are outlined in this book. We draw on the lessons learned from 
past success stories and failures to build a promising future. Among the first and 
foremost of these conditions are science and innovation. Much more than a simple 
belief, this is a deep-seated conviction that we as heads of INRA and CIRAD share.
Malthusianism has been the subject of great controversy. Nevertheless, as Daniel 
Cohen has pointed out, it has withstood the test of time, at least up until the indus-
trial revolution [1]. According to this law, “every time a society begins to prosper, 
an inevitable mechanism is set in motion to annul the benefits”. Economic growth 
leads to demographic growth as life expectancy increases and mortality rates de-
cline. As populations grow, revenue per capita decreases and it is not long before the 
population is faced with an inevitable paucity of cultivatable land. “Since there are 
too many people, some must die, either of starvation or disease” [1]. Up until very 
recently, that is, the beginning of the nineteenth century, history seemed to confirm 
this “sinister science”: average life expectancy in Louis XIV’s France or Queen 
Victoria’s England was not much different from that of hunters and gatherers or the 
first farming cultures [6]. And this despite the fact that agricultural systems have 
changed drastically over the past few decades. Whether it be the green revolution 
in Asia, agricultural progress in Europe or American expansion, technical advances 
and dedicated socio-economic organisations multiplied agricultural productivity by 
an average factor of two at the global level between 1960 and 2000. This was ac-
companied by a significant increase in the productivity gap between different types 
of agricultural systems [7].
The drawbacks of this unprecedented revolution are well known: environmental, 
social and economic repercussions, as illustrated by environmental damage and the 
2008 food riots. Collective progress depends on a society that is open not only to 
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technological but social innovation, taking all of these issues into account. Swift, 
consistent action must be taken at all levels, and time is of the essence in predict-
ing and offsetting trends that are already underway. Emmanuel Le Roy Ladurie has 
noted that the challenge of food supply, food shortages and crises have often set the 
scene for revolution. Beyond food, it is the very future of human societies that is 
at stake.
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